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ojj 5 oi a. 

^ g*gSJ XI1 1.2 31 01 e oj^(vjn+,Vin-)^ XH1 1 .2 (Vout-.Vout+)g 2*2* ^hXl XI1 1.2 NMOS ^XI^EKMI M2)£h 

XI1 1.2 NMOS EgHX|^Ei(M1.M2)S| 2| ^Oij CH6H B^g^£|CH EH XI XI1 1.2 PMOS^ 68 XI ^Ei (M3.M4)2L 1 2 PM 

OS ^^Xi^E1(M3,M4)2J £l □ ZHiOl^ XjOh° gmCH gj » Oil M^°J X|£AI2>g 2|^°J AII3.4 NMOS M^XI^Ei 

(M5,M6)^ 7££J^ ^2 Xie ^3SHJ naiOl OieiS iJSHOI 3SA|3i ^E ^silH^S 1S6^ ^SH" HH 

. ^ £'2J ^X!^Ei(M5,M6)2j XII Oj 2 EKVconOS S-SUI31 £W = ijBilOl ^EliOiB 2SfA|^o^ Mi ^ tfS^H^e ^SfAl 

□ S£ 
SAIIA1 

XIMEfe £ &S0II (HE gEIIOI =?S£0IQ. 

xii2£^ ^ &@oii mm s oi §5[i§i ublh^ mis ^gEoia. 

XII3E^ ^ g^gOli IfE ^eilOl Olg^ Dl&^m^ §J ^xi^^o| ?«E0ICh 
* ££°l ^Q^^OIl CHEl ¥12J 

M1-M6 : MOS. ^XI^Ei Vcont : XII CH 2 8. 1, 

Vin : Vout : #^6JM 

DS : 8 21101 



»S2| ; ' • ' • 

s 2^ gs^^oi ^4,5^ XH2S- msm ^zz ^2 x^e^^si yEHioi ^ ^ oiei^ iiBiioi mm oig^ ^^^n^ n 

S0II a» 3S0IQ. 

^0^0^ a. ^xisig^ y^joi ^ x^ois oigmot £i^qi. d ^m^b i/naioi eis^^ is^lk 

^xiUS°1 S^^Ef4=^ ^aiOl E}Q ^ □ B2| 4-011 2J6H XII ff £1511 §1 ^ ^ yeilOl gJ2J naiOl Ef.ojOl 01^ ^01 XI XI 

92 ^n^s e^uiiJ 4^ st^i iH^oii M^e ^^i ^iohah^ geiioi eg»oi a aioi ^h.^oi q-7^lk 



3am 3fs z^ee aenoi?3Ee! eitHEU xie^e □ Eidioi^2i isss^ ^euoi Eigj_ <j^e mi^ 
. 01 on ca ah ^ s sj s § gsi xii3Ess#2i mn\w ^sieah g ^51^121 ^n^s »6»Ai£j -ess ^£1*1^21 >^ E ^ aj0j a ^ s 

^[(skewed delay ring oscillator)?! XII 2* 9 dl °iCK 

.0! ^f?E y^lOI §I 21tt\E]9) ^Ef I§6^ PMOS 2J ZHIOI^BOil 2JB2J M^OI Olfcj 3 0|*j B2| M^OI B^EMi <*S» 

E^Mi &g B^OIIAH D\^9] ^A|0il dlsH S ^£71 MIE^IHg ^OiXMl^EE 

oi ai m ±ns ^aioi ^ ^£pi^ ~? o ca &s enciE =?^m d\x\d\ w^qu ssssoii ch§h #is, fc & n^oi ^i ejqi «vxi 

4=1 a SI- AI9IXI =of^ BSOI 2JEE 



^§01 0I<P3XI 61b 31^ 21X11 

s &ssi =^8 2^ ss^goi ^ &2 xie^£2i pis yaiioi *ji>i oias* eaioi oigsioi x-ii^t! 

^ ^cr 2IS0I 7|^ti §j XHSm^CHI SICE" 

^ 1*9 21 ^§8 Jill .2 3I0IE £j^UI XI1 1.2 EailB 2*2* ^hXI XII1.2 NMOS(Xil1E*!in ^XI^EiSE &D\ XII1.2 NMOS ^XI^Ei 

oj 2| #^0i| CH6H IHxIS^EIOi X\M aHxi ^^5f^ XII1.2 PMOS(Xil2E2iO M^jXI^EHSE £P| 1.2 PMOS ^Xi^Ei2J SICH 3101^ 

ass 31m ej^oii cue #^21 xibai^s ^mmn eh^ i*eh^ gxisiw Jiioi^oii hioissoi gf^s B^a^ 

"X1I3.4 NMOS(Xil1E2lO ^XI^EH^ ^^£Jb &2 XlM Mft\0\ *J2E OlEith OlgofOl ^££]^ 3^§*t2J ^ g^li^oT 

m^m E^i sssskw ^ iga^ peai hee 

E 18 ^ &S2| gaiOl *J2J U^^EOIEE 01 7 1 Oil AH S3E£lfe d|2l SJOI. XiM.2 NMOS *S MgH XI ^Ei (M1 .M2)2J 2* 3I0IE ^o||^ 

XI1 1.2 S^£i^(Vin+ Vin-Pl £J\ XHI1.2 NMOS ^2 ^ &l XI ^Ei (M1 ,M2)2J Baiei ^OHAi^ X11 1 ,2S^ fcj S(Vo 

ut-.Vout+)^^£l^il ?a&p. 

£OI XilT.2 NMOS ^2! ^X[^EUM1.M2)2J ^ #^0{| QH 8H m^S^5hCN Xf§ eHXI ^^6I£^ XI1 1.2 PMOSM ^ XI ^Ei (M3.M4 

)S ^^§1EK XI1 1 .2 PMOS M^iXI^Ei(M3.M4)2J S| CH ^ilOl^ 3S^o^ ^5^01 S ^ Oil CH §]■ #^2j xi^Al^e 5i6PI ^1 

5H XII3.4 NMOS ^^XI^Ei(M5.M6)M HH^ ^EH^ ^Xl^EK &OI XII3.4 NMOS ^^jXI^EH(M5.M6)2j ^101^ =0j|^ £J\ XiM 2 PMO 

S egHXI^Ei(M3,4)£| ^I0IM m&m ^mB[J\ $\m Xll01S^0l(Vcont)0| 512^ 

&D\ XII012^(Vcont)°l SSIb HI 3.4 NMOS M£H XI ^El (M5.M6)2I X-iiJ atM XI1 1 .2 PMOS ^gHXI ^Ei(M3,M4)^IOI II AIZ1M 

y\ SEE ^Ol PMOS ^^X|r^E1(M3.M4)0j|^ £ 3 Oil AH SOjXIb bl-» ^01, gBQOI S^8PI XII3.4 PMOS ^^Xj^E-i(M7, 

M8)S ^XlW 4= Si EE 

OlEitl =?^2\ HSIIOI §^§i ^fflSS. £ 20ll AH S0|3 ^Xig, Xil2^£ia(Vout+):n OVCHIAH VddS"&OI# BT ffH. fl!4 NMOS 
^^X!^E1(M6)^ M2m^±l^(Vou[+)Jl Vcont-Vth^f EJ^ A|g^XIB &I^E4CH 9l^\ ttH^Oil Xij 1 PMOS XI ^Ei(M3)2i >]|0|e^ Vcont- 
Vth^ gSlElEK 

0IS>{| g23 26^ XII2#^<!i]s(Vout+)^f VddOIIAH OV^ mO\E ffH. P-AI HI 4 NMOS e eh x| ±:EH (M6)S gSH ^SgbQI PMOS ^SHXI^E-i 
(M3)Si 3il0|e 2 ^0I ^i^^ ^23^ AI^OI ^01X1^1 &J\ OH ^ Oil ^10!^^ XII Oi 2 ^(Vcont)OI ^S^^ iyfllOl ^SilOl^ 3i XI J\\ @ 
P- . 

01 ffH PMOS^XI^E-121 711 01 M Oil §S8 SePI ^SEI^ NMOS^^jXI^EHSj >j|0|E^ Xil Oi S ^(Vcont)Oil CH6H dialog J\X\J1 

ffH^Oil ^SIIOI Ef^jCli Xi! Oi 2 ^ AhO|S4 ^3|Pf Mm m£M 1\X\ 1\\ SEE 

^. X1I3.4 NMOS Me«XI^Ei(M5.Ma)2| S^Mi 01 M NMOS ^X!^Ei£J 71101^ XilOi^^Oil CTiE Xi **m= XII1.2 

PMOS e^xi^Ei (M3.M4)£| ^ ^ilOj^ S^^SfM ^hXIS^il £13. 01 Oil If El ^SilOl EI^OI &mmo\ M^i i! ^211^2] ^uf^M 
Al^ 4- 2-IOII EJifr 501 EE 

ccsv gaioi ^1-2-^ b^e]- ejdiEm x^e^s^ ^id^ ^opi uncoil ^s£i zi^sf^^ 3^21 m^ti^^ ±mo\ ovoiixn vdd mx\ 
m ±m® y\\ eie^. aiheisi ^01 di^in $\m ^£21 £5 ^BSioi di^ cixn u^2i s^o^ oigi v 4= sjee 

E 38 feO|Sh ^ajjoi Olg^ H ^5!SI^2| ^^f S0I3 Si EE 

01 71 Oil AH §3£l^ df2} ^01. U ^SfiiS^ ^7fX| gP2J <Ms uH^g 31X13 Si^QL 3 mUfe dhS SB 2] g^Ai^g D^B2| °i^0| EJ 

e^ B^m3 iie^E^ eBsi e^e d^oixn e^ iiaioi nu^oi3. c\m aiu^^B m^^^m ^xhb2i pmos ^^xi 

^Ei2| ¥61011 afi-8*fe ^^E ^21101 mi^OID. 

^Xii^E^ ^ffles. EI4=2| &2 XI § y ail 01 0\&m ^n[4 3|^ ^^2) H l^aJ^biB ^.aiOl ^2J X1M.2S^(Vin+.Vin-)EgM1 
§9 ^ ail 0| ^2| XII1.2S^(Vout~.Vout+)g AH ^ 5!^ai ^^£i>il 813 U OH XI ^ 2B2I #^0|dl^ E|gB°J ^^01 El Til 61^ ai^IIH 
1^6f3. ^ ail 01 ^21 XI1 1.2 XII 21^ ElEa^CVin'+.Vin-J^o^^ X|<M2] 22B2J 2| m^0\ ^^£|>il.6l^ ^^E ^sSH^ 

m §£8101 xim &m eaHxi^Eioii 2i3i£i^ £is2j BJ\m ^sit°SMi ^2i ^ aii oi oil mm ^ 3^21 e^oi ^ch 

XI Til 5f3 21D. 

^. ^2US1 ffH. ^ ^2| ^gHXI^EH(M5.M6)21 7i|0|M ^Oil S^EJ^ Xil Oi 2 ^(Vcont)2J 3>|g ^§|A|^ ^^E yaiiOl sl^2|-^ 

eilOlg ^slAI^ iESMi ^xi^ni^S S3AI^' 4= 2iE^ 813 2A3. Eei ^71 ^^E ^ £iiOI EH^Oil 2J6HAH^ ^CH^E^ NMOS ean 
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mm ±&e. gaioi si^oi ±^ genoi m±m mxmn o\^~ &a\™2.^ xh^oi Eg* ^aioi 1^21- n^oi >. WE 
. geiioi m±w oisaoi ^asis^i gs» ^m^ a^is usm m&mo\ g**i o\mm &x\w^ &eh mi\ ?ish /hoick 

oiae o\m m±m ^m^ Dm m s*asi£$= &m aeiiot *ns\ pmos ^xi^eh £ 321 mtM^^i} aoi an 2 pmo 

. S M^XI^Ei (M3.M4)0|| 2|2J xf-^gj^g ?ie XII3,4 PMOS ^£HXI ±EI(M7.M8)S D\m ^mMBlH 0IM§ SfUb 6H1 
□ E 5fUb STB2I ttt dll Slfe 51 PSFOt ^ff ©CK 

SB £>OI All. 2 PMOS MSHXI^EH(M3.M4)0II 2*2* X1I3.4 PMOS MSiXI^EI (M7..M8)S StfAISIfe 2 £1011 XII 5 6 PMOS M 2! XI ^ Ei X1I7 
.8 PMOS ^gHXI^Ei^ B0| D^2j ^^£J^ ^ g£|»0i 1* Ef »S8!« SEH^ =4E HO 

OlfiKW/H tiSfi t»2f 901. S ^2 Sell 01 ^£21 L^ l SH §6H ^E S£0I OI^CHSHf OhgEH ^01 ««8^ 3 

Qt. S^S2J M ¥m ^ ?10\ AlHEiSf »e « £ oj ai^xHSISxI giOl DCH^ CI X\W ^j^Oil 0|g& 4 S^g 

se& oi ae> aeiioi oigmoi u kssiss ^bmi 3? iq^oj i^g^i ^ 0^1 g« 2 o, &g gf £S t ^ 

^ ^fl!4= ¥W 4= £JCf 



(57) m=?°i g?| • 

a=?» 1. 

i^SI^§ iiaiOl ^Oil 2iOUH: X1I1 ,2 }|0|M 2J^(Vin+, Vin-)3l HI 2,2 Efi1l2J g»(Vout-. Vout+)g 2*2* D[X\^ XU1E21* XI1 1 .2 §£HX!^ 
E1(MKM2)2K £0! XII 2.1 = £119! M^(Vout+, Vout-)OII CH 6H M^2] J\\0\^J[ mxF2=*=£|01 ft S EH XI Sg8}^ Xi!2E2tl 

Xi|1,2 ^^XI^EH(M3.M4)£F: S ^ Oil CHSt #^2J XI2AI2JM S^g^l ^l 5H XII2E21 SI2.1 MgHXI^Ei(M4.M3)2| ^lOI^Oil A^^Te 

eiiejoi 12x^^311. 21^21 ^2^^^ ^>^i xii 1.2 Eaiei #^(Vout-. vout+)cni ^oi ^^s\ ^iioim^ g§ ei^fs^ xiioi2^{vout 

)£| 39ICHI W£> Xi^^OI i^Xliz: XIMESg XII3.4 ^EI(M5.M6)« 5^5^ 31 ^S°^ 5^ ^H^^f^ ^51101 ^. 

S^S 2. 

Xil 1 SCHI o[0|AH. ^Ol X1I2E2S XiM .2 E ^ XI ^E1(M3.M4)Qil CHgAl^ ^3101 S^S^I ^lEl XII 2E 2^ XII 3,4 ^&X\±Ei 

(M7.M8) SE~ D OI^SI ^ an xi ^ Ei g EH ^x|6hb 3011 S|6H. 2EJ^ □ 01^2] ^ El ^ ^ E gj » xFe^l^M 3§ ^S^S 

5^ ^Gf40>E ^Slll^g ^£1101^. 

^aioi oigmoi Ji&^m^ ^zim^ow 2icn ah: ^oi b aii o i ^e; x^eHxi^^M o\^^m xiiiess xhh .2^^xi^e^( 

M1.M2) ^ »H.2seHX|^EI(M3.M4)». XII2E2S Xil 2. 1 M£H XI ^Ei(M4,M3)24 ^lOIMOil AH^£] E3|ojOI H1^S^£J^ 2i|^ 

2} liMtSi Xil 1 ,2 M^XI^Ei(M1,M2)3] XI1 1.2^3121 #^(Vout-. Vout+)OII 2,0 1 ^^£JCM 2fr2^oj >||0|ep^ Xil 01 2 ^(Vout)Oil 

if X1I1£2^ XH3.4^aHL|^Ei(M5,M6)2f. &OI X1I2£5!^ H1 1 .2^ ^ XI ^ Ei (M3,M4)0il ^Ol 2S£|H ^^o| ^|0|^^ 

— ^aiOIS^tVin'-, Vin'+)M 4^5^ X1I2£2§ XII3.4^^XI^E1 (M7.M8)M ^SSH2. &OI iJfllO! ^xl5h£J: SB Oil m 

XI S ^>OI geilOl ^21 XII1.2 S^(Vin+, Vin-)ohO| eEhOH ?|X|@ ^aiOI^Si fl|2.1«^(Vout-. Vout+)OII AH ^ 51^ El J\\ <£MQ^m mil. U 

cm xi a 01 ^m°\ ^ seoii ?txis ^aiioi ^sj #^011 ^^i m =?sm d[x\^ ^^uh^ s&oii ^ixis 

^>oi iJ3ioi o!£i gen 01 a^(vin*-. vin'+jefoi m&°\ 01 a 9 oil ?ixis eeiioi ^21 »i2.i«^(vout-. vout+)oii st^ziow <*m 

UCH XI ^aiOl ^§2| ^ ^51101 gj^{Vin'-. Vin'+)g X^oj 2 2B0II ^IXlE gfiilOl ^21 M^OII ^Ol 2^£|^i| ^ 
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